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Abstract 
A f t e r  a p r e s e n t a t i o n  of  t h e i r  srr33 o f  s t u d y .  the s u t h o r s  
d e s c r i b e  the h i s t o r i c s l  e v o l u t i o n  of i r r i g a t i o n  i n  t h e  Andes or" 
E c u k a o r  . 
The f u n c t i o n  o f  t h e  s t a t e  is e m p h a s i z e d  s n d  t h e n  the tucr 
k i n d s  of i r r i g a t i o n  a r e  p r e c i s e l y  d e f i n e d .  N e x t ,  c h e  p a p e r  d e a i s  
w i t h  the p r e s e n t  problems of p r i v a t e  i r r i g a t i o n  s y s t e m s  and 
p r - s e n c s  v a r i o u s  p o s s i b l e  s t r a t e g i e s  i n  terms or" p ì a n n i n g  snu 
d e v e l o p m e n t .  
'ïhe se1.ec:ted s t r a t e g y  r e l i e s  on  an e l e m e n t a r y  spsce u n i t  
( t h e  Z A R T )  and t h e  authors e x p l a i n  i t s  d e f i n i t i o n .  its 
c o n c e p c i o n ,  snii its meaning .  F i n a l l y ,  t h e y  p r e s e n t  t h e  s e l e c t e d  
inethodo Logical outline and t h e  v a r i o u s  u p e r a L i o n s .  
T h i s  p a p a r .  a b o v e  all m e t h o d o l o g i c a l ,  p r e c e d e -  a. s e c o n d  o n e  
e n t i t l e d  ' *  Dysfunctions and R e h a b i l i t a t i o n "  i n  wh ich  t h e  
p r e l i m i n a r y  r e s u l t s  a r e  p r e s e n t e d  a n d  commented. 
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j y r j r l r .  ¡.Irr* t i y t  ; r t : l î ~  J Natrr h ' c . r , ~~ i i r~~ r ;  f nr; t. 1 t u  ta 
( { [ IZ ; I  1 t.11: I ,  k ~ ~ i i a : ~ , ~ i z í t ~ ~  :<v I PCII~Z~-.I:- f t j r l rnu l  i c o z  - T N E t P f [ J  j .  u h c ~ s r  
:'iJri::tjnri ir .  t 1 1  ntzaagy r ; a t , e r  r e s o u r c e s  a n d  t o  promotr .  i i - r i p a t i n n  
p r u . i r c t : ; ,  1125 , L O  d c v e l ü p  a N a t i o n : j l  l r r i f i n t i o r i  P l a n  f o r  the n e x t  
in a d i r i ' i c u l t  rsc.nnrJmic c o n t e x t  d u e  t -o v r ~ r y  h i E l i  pu l111r  
d r b t ,  i t  I S  a l z i r ~ s t  : i r i p o s s i t l c  t o  c a r r y  o u t  t h i .  p o l î - y  o!' 
1' c a 1 1 I: 1 n r p 1' u J e c :- L; 
ui t-h s t i  1 I l o u  Ler i r f i t r  
A s  f a r  e s  t h e  F raEco-Ecuadoran  t e a m  u n d e r  the l e a . j e r z h r p  of  
tile a l i tho l - r  ' j f  t t , is  p b p e r  i s  c o n c e r n e d ,  t h e  main p o i n t  f u r  t h e  
e l u b o r a t - i o n  et' t h e  f u t u r e  I r r i g a t i o n  P l a n  C o n s i s t s  i n  c o n s i d e r - î n g  
v h s t  s t i l l  e x i s t s ,  s o m e t i m e s  € o r  a g e s ,  i . e . ,  t h e  s o - c a l . J e d  
p r i v a t e  o r  t r a d i c i o n a l  n e t w o r k s  a s  opposed  t o  t h e  r e c e n :  s t8 t t  
p r o j e c t s .  
n o r e o v e r .  t h i s  f o c u s  a g r e e s  w i t h  t h e  one  3dVocE1tFd by t h e  
in t e r n a  t I ona 1 orz 'sn i z a  t i o n s .  To  manage t h e  f u  t u  r e  r e  hab  i 1 i t a t  i on 
a c t i v i t i e s ,  i t  Is f i r s t  n e c e s s a r y  t o  u n d e r s t a n d  t h e  a s  y e t  
unknown o r g a n i z a t i o n  nf t h e  t r s d i t i o n a l  n e t w o r k s ,  i n  r irder t o  
a n 3 l y i e  w i t h  precision t h e i r  v a r i o u s  o p e r a t i o n a l  problems 
$3 r i' R ri P , 
n et u , mad e r n - - bu t v e  t'y e :z p c n s i v P - - i r r 1 ;i t I o fi 
T h a i  is  t h e  p u r p o s e  o f  t h e  i n t e r n a t i o n a l ,  m u l t i d i s c i p l i n a r y  
~ e a m  of  F r e n c h  S c i e n t i f i c  I n v e s t i g a t i o n  I n s t i t u t e  f o r  Drvr lnpmcnt 
and C o o p e r a t i o n  ( ClRSTOH ) and T N E R H I .  d c d i c s t e d  to t h e  p r o j e c t  
"Operation A n a l y s i s  of  Ecuadoran  I r r i g a t i o n  - Reccmmcnds t iuns  f o r  
t h e  N a t i o n a l  P l a c "  
1. PRESENTATlON OF STUDY AREAS. 
Ecuador  e x t e n d s  Q V ~ Y  261.000 km2 i n  t h e  n o r t h w e s t e r n  p a r t  o f  
t h e  Sou:¡-ì A n e r i c s n  c o n t i n e n t ,  b e t w e e n  C c l o m b i s  ani! F c r u  ! . s e e  
F i g u r e  1 ) .  
The Andes C o r d i l l e r a  d i v i d e s  t h e  c o u n t r y  i n  t h r e e  a r e a s .  l n  
the n o r t h .  ïi c a n s i s t s  o f  two d i s t i n c t  c h a i n s  c rowned by h i g h  
v n l c s n o s  c f  J v e r  51100 m e t e r s .  on each  s i d e  of t h e  i n t e r - A n a e a n  
1-arridar w h i c h  i s  s b o u t  49 k i l o m e t e r s  w i d e .  I n  t h e  s o u t h .  t h e  two 
moun t s in  r a n g e s  R e e t  and t h e  pi la l i s  ûre l o w e r .  
Thesa  A n d e s  m o u n t a i n s ,  c a l l e d  "sierra" c o n s t i t u t e  a 
s p t ' r i f i c ,  v e r y  es r ly  i n h a b i t e d  e n t i t y :  u is u nxi c.c_tiutew, . .  - 
Figure 1 :  Hydrographic watorrheds and Andoon cordillera - Ecu->dor , 
M I R A  watershed  
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The Andann p o p u l a t i o n  l i v e s  m a i n l y  i n  t h e  in tc r -Andear i  
v a l l e y  and h a s  a d a p t e d  t h e  a g r i c u l t u r e  t o  i ts  d i i P e r e i i t  
e c o l o g i c a l  l e v e l s  (15130 - 3500 m S .  Above t h e  c u l t i v a t e d  s t a g e s .  
s o m o t i n i e s  w i t h  h i g h  s l o p e s ,  a r e  f o u n d  w i d e  meadows (SSUD - 3SOU 
in )  c a l l e d  " p u r a m a s " i  Above 4300 meters .  b e c a u s e  O P  t h e  t r a s t .  
t h e r e  1s n o  v e g e t a t i o n .  and  p e r m a n e n t  snow b a s i n s  3t 5 . 0 0 0  m .  
'The ï s i n f a l l  is heavy  on b o t h  s i d a s  o f  t h e  Andes sncl 
v a r i a b l e  i n  t h e  i n n e r  v a l l e y s .  I t  c a n  l o v e r  t o  400 Jim :n some 
s h e l t e r e d  areas w h e r e  ì r ï i f f a t ì o n  is e s s e n t i a l .  G e n e r a l l y .  t h e r e  
a r e  two r a i n y  s a s s o n s  ( f r o m  F e b r u a r y  t o  May and f rom O c t o b e r  t o  
D e c e m b e r ) ,  b u t  t h e r e  may b e  m o d i f i c a t i o n s :  
- i n  some  ress s. i . e . .  v a l l e y s  u n d e r  t h e  i n f l u e n c e  o f  t h e  
- some yeurs d u e  t o  t h e  Niño C u r r e n t .  
Amazon ï i v e r  b a s i n  c l i m a t e ,  
T h e r e  1s a h i g h  p r o b a b i l i t y  o f  d r o u g h t  Ceven s h o r t  o n e s ) .  
T h a t  is why t r a d i t i o n a l  i r r i g a t i o n  n e t w o r k s  can b e  f o u n d  i n  
a l m o s t  a l l  t h e  v a l l e y s .  
2. ANDEAN IRRIGATION:  A N  OLD STORY BUT RECENT STATE INTERVENTION. 
I r r i g a t i o n  was known lang b e f o r e  t h e  a r r i v a l  o f  t h e  
S p a n i a r d s  (1530) i n  t h e  Andean a reas  and p e r h s p s  b e f o r e  t h e  
a r r i v a l  of t h e  Incas  from P e r u  ( a b o u t  1470 > .  I n  t h e  I V I t ' n  
c e n t u r y ,  t h e  n a t i v e  c o m m u n i t i e s  had a k i n d  o f  water l s w  wh ich  was 
g r a d u a l l y  r e p l a c e d  by t h e  l a w  l a i d  d o w  b y  t h e  S p a n i s h  
c o l o n i z e r s .  
Documen t s  from t h e  N a t i o n a l  A r c h i v e s  i n  Quito i n d i c a t e  E h s z  
m o s t  e x i s t i n g  n e t w o r k s  were b u i l t  b e t u e e n  t h e  X V I I t h  a n d  X V I I I t h  
c e n t u r i e s  when t h e  b i g  l a n d o w n e r s  were a b l e  t o  m a k e  t h e  n a t i v e  
l a b o r  P o r c e  d i g  and m a i n t a i n  c a n a l s  t h a t  were r e g u l a r l y  d e s t r o y e d  
by  b a d  w e a t h e r ,  o v e r f l o w s ,  and e a r t h q u a k e s .  
In t h e  XIXth  and XXth c e n t u r i e s ,  owing  t o  s o c i a l  and  
e c o n o m i c  p r o g r e s s ,  t h e  l a n d  was g r a d u a l l y  p a r t i t i o n e d ,  t h i l s  
p r o d u c i n g  c h a n g a s  i n  t h e  u s e  of water. 
On t h e  one h a n d ,  t h e  b i g g e s t  h a c i e n d a s  were d i v i d e d  among 
t h e  h e i r s ,  w h i c h  c r e a t e d  c o n f l i c t s  i n  u a t e r  p a r t i t i o n ;  t h e s e  
c o n f l i c t s  were s e t t l e d  by  t h e  c o n s t r u c t i o n  of  n e u  n e a r b y  c a n a l s .  
On t h e  o t h e r  h a n d ,  t h e  p e a s a n t  g r o u p s  ( M e s t i z o  o r  I n d i e n )  
c l a i m e d  t h e i r  water r i g h t s  wh ich  were j u s t i € i e d  by t h e i r  c r u c i a l  
p a r t i c i p a t i o n  i n  t h e  c o n s t r u c t i o n  and  m a i n t e n a n c e  o f  t h e  w a t e r  
s y s t e m .  F i n a l l y ,  some i n d i v i d u a l s  o r  g r o u p s  a c q u i r e d  water r i g h t s  
b y  d i f f e r e n t  ways ( f r a c t i o n  o f  t h e  c a n a l  Flow o r  t h e  c o m p l e t e  
d i s c h a r g e  d u r i n g  a d e p i n i t e  p e r i o d .  e t c . ) .  
D u r i n g  t h e  XXth c e n t u r y ,  t h e  r i s e  i n  p o p u l a t i o n  l e a d  t o  a 
demand For a g r i c u l t u r a l  l a n d  ( t h i s  j u s t i f i e d  t h e  A g r a r i a n  RePorm 
,of 19613-70). The  demand f o r  w a t e r  r e s o u r c e s  i nc reased  a t  t h e  same 
t i m e .  The  l a t t e r  is n o t  w e l l  known b u t  i t  is t h e  o r i g i n  o f  
n u m e r o u s  c o n f l i c t s ,  e v e n  v i o l e n t  o n e s .  
The  s t a t e  i n t e r v e n e d  f o r  t h e  F i r s t  time i n  1936 and t r i e d  t o  
e r e c t  t h e  f i r s t  l e g a l  b a s i s  Por a b e t t e r  d i s t r i b u t i o n  of: u a t e r  
resources . Then t h e  s t a t e  c r e a t e d  t h e  " N a t i o n a l  I r r i g a t i o n  Fund" 
(1944) t o  c a r r y  out: w o r k s  o f  g e n e r a l  i n c e r a s t .  
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Ar; c:or.Tlirtt, t e t u e e n  t h e  n e t w o r k  o w n e r s  and t h e  u s e r s  
c u n t i n u c d ,  ttie m i l i t a r y  g o v e r n m e n t  c r e a t e d  t h e  N a t i o n a l  Wate r  
Rssourcc i s  I n s t i t u t e  ( INERHI : ,  i n  1 9 6 6 .  The  a u t h o r i t y  o f  t h i s  
i r i s t i  t,otf* w a s  s t r e n e t h e n e d  when t h e  u n t e r  r e s o u r c E s  were  
n a t i o n a l i z e d  i n  1972.  
INERli1 f i o l d s  R monopoly on water and i n t e r v e n e s  on two l e v c l s :  
- it. s t u d i e s ,  b i i i l d s  a n d  manages  d i r e c t l y  a g r o u p  o f  n e t w o r k s  
c o m p r i s i n g  i r r i g a t e d  a r eas  f r o m  500 t o  1 0 , 0 0 0  h e c t a r e s  w h e r e  
f a r a e r s  h a v e  t o  p a y  a t a x .  I t  is n o t  i n v o l v e d  i n  a ~ r i c u l -  
t u r a 1  d c v e l o p m e n t ,  c r o p - r a i s i n g  a d v i c e ,  o r  p r o d u c t i o n  t r s d e .  
- i t  c h e c k s  a n d  g r a n t s  the u a t e r  c o n c e s s i o n s .  T h e r e f o r e ,  t h e  
p r i n i t l v e  w ~ i e r  r i g h t s  a r e  i e g a l i z e d  b e c a u s e  t h e y  h a v e  t o  b e  
d e c l s r e d .  I n  t h i s  s e t ,  known as  p r i v a t e  i r r i g a t i o n ,  t h p  
b u i l d i n g ,  m a i n t e n a r i c e  and management of n e t w o r k s  and 
i r r i g a t e d  a r e a s  a r e  u n d e r  t h e  r e s p o n s a b i l i t y  of  t h e  u s e r s  
a n d  t h e i r  o r g a n i z a t i o n s :  J u n t a s  d e  A g u a s .  - 
T h e s e  t w o  groups a r e  n o t  always i n d e p e n d e n t  and c a n  b e  
combined t o  f o r m  g r o u p s  o f  i r r i g a t e d  a r e a s  t h a t  c o n t p r i s e  
t h o u s a n d s  of  h e c t s r e s .  -- 
3. CURRENT PLANNING PROBLEMS. 
T a k i n g  t h e  c o u n t r y  as a w h o l e ,  INE.RH1 e s t i m a t e s  t h e  
i r r i g s t e d  s u r f s e e  f o r  a g r i c u l t u r a l  u s e  a t  a b o u t  558,000 h e c t e r e s .  
Hore t h a n  752 is p r i v a t e  i r r i g a t i o n .  A n a l y s i s  o f  t h e  p r e l i m i n a r y  
r e s u l t s  i n  t h e  Mirs. w a t e r s h e d  ( S e e  F i g .  1) seems to i n d i c a t e  B 
h i g h e r  p e r c e n t a g e  i n  t h e  s i e r r a  ( S e e  T a b l e  1) .  
T a b l e  1. D e s c r i p t i o n  of t h e  p r i v a t e  i r r i g a t i o n  n e t w o r k  i n  t h e  
H i r a  W a t e r s h e d .  
Number of c a n a l s  .............................. 295 
T o t a l  i n t a k e  f l o w  ............................... 25 m3js 
Avcrugc  i n t a k e  Flow per c a n a l  . . . . . . . . . . . . . . . . . .  83 l / s  
T o t a l  l e n g t h  of c a n a l s  ....................... 1780 k m  
A v e r a g e  l e n g t h  of c a n a l  ......................... 6 k m  
Number of i r r i g a t e d  areas ..................... 275 
T o t a l  i r r i g a t e d  s u r f a c e  ..................... 53923 h a s  
P u r e  p r i v a t e  i r r i g a t i o n  s u r f a c e  area a n d  X .. 46728 has (872) 
I’ure p u b l i c  i r r i g a t i o n  s u r f a c e  area and  X . ._. 2210 h a s  ( 4 % )  
Hixed  irrigation s y s t e m  s u r f a c e  und X ........ 4 9 8 5  h a s  ( 9 X )  
S p c c i f i c  i r r i g a t i o n  d i s c h a r g e  r a t o ’  in t h e  
p r i v a t e  i r r i g a t i o n  a r o a s  ..... 0.5 1/:; 
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These p u b l i c  p r o J e c L s  appear  to be t h e  l a s t  h i s t o r i c a l  
i n t e r v e n t i o n  o f  s u p e r i m p o s e d  e q u i p m e n t s .  
T h e  l a c k  o f  p l a n n e d  improvemen t  of t h e  p r i v a t . e  n e t w o r k s  is 
ma.inly d u e  t o  t h e  o r i g i n a l  s e p a r a t i o n  of  INERHI a s s i g n m e n t s  
( p r o j e c t s  on t h e  o n e  h a n d ,  management on t h e  other h a n d )  b u t  a l s o  
d u e  t o  t h e  v e r y  c o m p l e x i t y  of  t h e  t r a d i t i o n a l  ex i s t ing  c i v i l  
w o r k s ,  t h e  i n v e n t o r y  o f  w h i c h  was not always c o m p l e t e  o r  p r e c i s e ,  
Moreover  , t h e  access  t o  t h e  water i n t a k a s  is o f t e n  d i f f i c u l t  and 
t h e i r  c o n t r o l  s o m e t i m e s  i m p o s s i b l e .  
Wi thou t  method o r  a w e l l - g u i d e d ,  d e t e r m i n e d  p o l i c y ,  t h e  
i n t e r v e n t i o n  o f  t h e  g o v e r n m e n t  was p u n c t u a l  and s p e c i € i c :  t o  
b u i l d  h e r e  a modern i n t a k e ,  there  a s t o r a g e  t a n k . .  . 
Today i r r i g a t i o n  i n  t h e  Andes is b e i n g  designed d i f f e r e n t l y  
t h a n k s  t o  s e v e r a l  n e w  e l e m e n t s .  Most o f  the i d e a l  sites f o r  
i r r i g a t i o n  a r e  u s e d  a n d  e v e r y  neu p r o j e c t  w i l l .  c o s t  mure and 
m o r e .  The c o u n t r y - i s  a f f e c t e d  by a s e r i o u s  economic  c r i s i s  a n d  
!lad t o  be more c a r e f u l  i n  its i n v e s t m e n t s .  owing  to a s t i l l  h i g h  
e x t e r n a l  d e b t .  
N o w  is t h e  t ime t o  g u i d e  s t a t e  i n t e r v e n t i o n  ( a n d  t h e r e f o r e  
I N E R H I )  t o w a r d s  a b a t t e r  management O P  t h e  e x i s t i n g  s y s t e m s ,  
e s p e c i a l l y  t h e  i n t e n s i f i c a t i o n  of  t r a d i t i o n a l  i r r i g a t i o n  f o r  tlic 
f o l l o w i n g  r e a s o n s :  
y*- It; s u p p l i e s  t h e  nain  p a r t  of the usual consumer goods. 
/- As it is not very technologica l ,  its d e v e l o p m e n t  potential 
is hijzher.  
- It e x i s t s  throughout  t h e  country  and involves many p e o p l e  




B t * ( : x u s e  t h ~  o p e r a t i o n  o f  Lhe p r i v a t e  s y s t e m  i s  r e l a t i v e  I : /  
unknown,  I L  i s  rieues:r;ary t u  s t u d y  t h e  u s e  o f  ws te r  i n  i t s  
~ i t t i r t - ‘ t y  î i .  ortjfzr to d e t e c t  I L S  weaknesses  a n d  t o  enhar roe  i t -  
s t r o r r ~ t t ~ : ; .  
T h i s  npI-yns tt ì3t a m u l t i d i s c i p l i n a r y  s t u d y  w i l l  Irave. tlb î!c 
c a r r i e d  w i l t  t h a t  c a n  a n a l y z e  t h e  p r o b l e m  a t  v a r i o u s  l e v r l s  &rid 
p r o v i d f z  t h e  necer;s,sry d a t a  t o  i m p l e m e n t  t h e  recommends t  i n n - .  
4 .  A RESEARCH AND PLANNING SPACE U N I T :  *rm ZARI . 
The  c o u n t r y  c o n L a i n s  a b o u t  t h i r t y  b i g  w a t e r s h e d s  o f  v n r i o u s  
i m p o r t s n e e :  i n  t h e  s i e r r a  t h e y  a r e  v e r y  well d e f i n e d .  
TnPy a r r  o t i v i o u s ì y  t o o  w i d e  a n d  to@ h e t e r n g e n t - o u s  t o  
c o n s t i t u t e  t h e  h ~ s i c  u n i t  o f  a n a l y s i s ,  b u t  t h e y  r e p r e s e n t  D. 
p r e l i m i n a r y  c l a s s i f i c a t i o n  f o r  the t o t a l  water r e s o u r c e s .  They  
u s u a l l y  b c l c n g  to a r e E i o n  s n d  o f t e n  i n c l u d e  a b i g  t o w n .  D. t r s d e  
and  e x c h a n g e  c e n t r e .  
It means that this s p a c e  division has to be considered i n  
the Ecuadoran Andes. 
The  h y d r o l o g i s L s  h a v e  r e f i n e d  t h i s  p a r t i t i o n  s n d  d i v i d e d  i: 
i n t o  u n i c s r y  u a t s r s h e d s  ( o r  m i c r o - b s s i n s )  w h e r e  t h e y  e s t i m a t e  t h e  
U s t e r  r p s o u r c e .  
T h i s  n o t i o n .  as a p p e a l i n g  a s  i t  may b e ,  is u n f o r t u n a t e l y  n o t  
a d a p t e d  t o  t n e  s t u u y  o f  t h e  i r r i g a t i o n  n e t w o r k s .  The lower  p a r t s  
o f  t h e  i r r i g a t e d  .sres,s a r e  f i s t  e n o u g h  t n  ellow t h e  m i x ï n p  of 
c s n a l s  OF v a r i o u s  o r i g i n s .  Even  i n  t h e  h i g h e r  p a r t s .  t h e  
w s t e r s h ~ d s  da  n a t  c o n s t i t i l t r  ar. o b s t a c l ~  t o  t h e  v : i nu l s  w h i c h  
s k i r t  rniiiici them at- cïcss u n d e r  them I n  t ! i n r i e l s  
The XA l t l  is a space organization unit of t.he t u k i n g ,  
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Any u n t t - r  t r a n s f e r  L s t w c e r l  ZAR1 caz tz  rrr~irc,  r e q u i ï f - c  % 
h i g h e r  I f - v r l  o f  tPchnGlo&?Y, and h a s  r c c i o n a l  r o r l e r c u s z i i n s .  A 1 3  
t h o  s a m e ,  any t r a n s f e r  b e t w e e n  w a t e r s h c d s  i n  t h e  sierra impl3L.s a 
b i g  p r o j e c t  w h i c h  s h o u l d  be  d e c i d e d  upon 8t EI n a t i o n a l  l e v e l .  
T h u s  t h e  p l a n n i n g  p r o c e s s  c a n  r e l y  on t h e s e  t w u  space 
d i v i s i o n s  w h i c h  have  a t r u e  g e o g r a p h i c a l  v e l u e ,  c o n t a i n  t h e  
p r o d u c t i o n  u n i t s ,  and can  h e l p  e s t a b l i s h  t h e  c o s t  and impotot of B 
d e v e l o p m e n t  p o l i c y .  
The s i z e  o f  t h e  ZAhI v a r i e s  be tween  50 and 20@ km2 and i t s  
b o u n d a r i e s  a r e  e s t E b l i s h e d  i n  t u o  staE'es.  P r o v i s i o n a l  L o u n d a r l e -  
a r e  drawn u p  a c c o r d i n g  t o  t h e  t o p o g r a p h y  and h y d r o g r a p h i c  
n e t u o r l i ;  t h e n  t h e y  a r e  m o d i f i e d  w h e n  t h e  i n f r a s t r u c t u r e  and t h e  
i r r i g a t e d  a r e a s  a r e  t a k e n  i n t o  a c c o u n t .  
The Mi ra  h y d r o g r a p h i c  w a t e r s h e d  is s u b d i v i d e d  i n t o  20 Z A R I  
( s e e  F i g  2a), g e n e r a l l y  c r e a t e d  by  t h e  u n i o n  of  two h a l f - u n i t  
w a t e r s h e d s  ( s e e  F i g .  2 b ) .  
Nnrmtl l ly n o  c a n a l  s h o u l d  c r o s s  o v e r  from one  Z A R I  t o  a n o t h e r  
( s e e  d e f i n i t i o n ) .  A c t u a l l y  t h e r e  3re some i n t e r c o n n e c t i n g  cana ls  
b u t  t h e y  a r e  r a t h e r  u n i m p o r t a n t  c h a n n e l s  t h a t  f e e d  i n d u s t r i a l  
c r o p s  (sugar  c a n e ,  f o r  e x a m p l e )  o r  p u b l i c  n e t u o r k z .  
So t h e  d e f i n i t i o n  of t h e  Z A R I  is e s s e n t i a l l y  a d h e r e d  t o  and 
pe rmi t s  t o  lsv down a. p r e l i m i n a r y  c l a s s i f i c a t i o n  of  f a c i l i t i e s  
a c c o r d i n g  t o  t h e i r  i m p o r t a n c e  and i m p a c t .  
The Z A R I  forms t h e  b a s i c  space unit, on w h i c h  t h e  a n a l y s i s  
and d i a g n o s i s  a r e  c e r r i e d  o u t  a c c o r d i n g  t o  t h e  v a r i o u s  
c o n c o m i t a n t  o ~ e r a t i o n s  wh ich  a r e  b e i n g  s t u d i e d .  
' 5 .  PHASES OF STUDY. 
The s t u d y  is d i v i d e d  i n t o  s i x  o p e r a t i o n s  t h a t  f u l f i l l  
p r e c i s e  p u r p o s e s .  
a. D e s c r i p t i o n  of  t h e  s y s t e m .  
T h e  f i r s t  o p e r a t i o n  ( L O C I E  1 l o c a t e s  t h e  i r r i g a t i o n  s y s t e m s  
a n d  d e s c r i b e s  t h e i r  f u n c t i o n i n g  by % A R I  apd u i d e  b a s i n .  The 
i r r i g a t e d  a r e s s  a r e  d e l i m i t e d  by F h o t o - i n t e r p r e t a t i o n  and  t h e n  b y  
t h e  a n a l y s i s  n f  the SFOT s a t e l l i t e  p i c t u r e s .  
The s y s t e m ' s  c o n d i t i o n  and  f u n c t i o n i n g  a r e  d e s c r i b e d  i n  
d e t a i l  a c c o r d i n g  t o  a l o g i c a l  coda t h a t  d i v i d e s  t h e  n e t v n r k s  i n t o  
u n i t a r y  s e g m e n t s  c h a r a c t e r i z e d  by a f u n c t i o n  ( s u p p l y ,  t r a n s p o r t ,  
d i s t r i b u t i o n )  and  c o n n e c t e d  by o p e r a t i o n  j u n c t i o n s  \ c o m b i n a t J i o n  - 
d i v i s i o n ! .  T h i s  c o o i n g  is  a d a p t e d  t o  t h e  complex  sys tems and i s  
r a s i l y  c o m p u t e r i z e d .  
b. System understanding. 
Two o p e r a t i o n s  are d e s i g n e d  to e x p l s i n  t h e  o r g a n i z a t i o n  and 
f u n c t i o n i n g  o f  t h e  i r r i g a t i o n  systeais. THANIE is t h e  f i r s t  and  
deals w i t h  t h P  h i s t o r i e s 1  a n a l y s i s  of  t h e  i r r i g a t i o n  i n  t h t a  
zcuadnr : in  Andes s i n c e  t h e  c r ? l a n i a l  p e r i o d .  - 
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Tho a r c h i v e  d o c u m e n t s  e x p l s i n  i n  larga p a r t  t h e  i n a d e q u a c i e s  
o f  t h e  i n f r a s t r u c t u r e  i r e d u n d a n c y  o f  c a n a l s  l .  
T h e  s e c o n d  o p e r a t i o n  called T A P A T R I E  is c a r r i e d  o u t  i n  one  
r e p r e s a n t a t  i v e  Z A R 1  i n  e a c h  b i g  w a t e r s h e d .  
I n  t h e  Mirs w a t a r s h e d ;  t h e  Z A R I  of  URCUQUI was c h o s e n  i s e r  
F i g .  2c ) .  I t  c o n t a i n s  a v e r y  d r y  e c o l o g i c a l  e n v i r o n m e n t  (1800 - 
2000 m >  and i n c l u d e s  t h e  t h r e e  m a j o r  t y p e s  of p r o d u c t i o n  s y s t e m s :  
s u g a r  cane h a c i e n d a s .  c a t t l e - r a i s i n g  h a c i e n d a s .  anà v e r y  s m a l l  
mixed f a r m i n g .  
M e a s u r e m e n t s  and  i n q u i r i e s  a r e  carSied o u t  a t  th ree  l e v e l s :  
T h e  m e a s u r e m e n t s  a i m  a t  e v a l u a t i n g  t h e  water c o n s u m p t i o n  a t  
Z A R 1  and  i r r i g a t e d  areas,  f a r m s ,  and  p l o t s  o f  l a n d .  
d i f f e r e n t  l e v e l s  and t h e  e f f i c i e n c y  o f  t r a n s p o r t .  d i s t r i b u t i o n ,  
and  i n  t h e  p l o t  o f  l a n d .  
The i n q u i r i e s  $ i v e  a n  i d e s  o f  t h e  w a t e r  d i s t r i b u t i o n  and o f  
f a r n i n g  p r o d u c t i v i t i e s .  
c. C h a r a c t e r i z a t i o n  of t h e  sys tem.  
A h y d r o l o g i c a l  a n a l y s i s  ( EGRADIE ) c a l c u l a t e s .  on t h e  one  
h a n d ,  t h e  water demands  a t  t h e  l e v e l  o f  t h e  i r r i g a t e d  a r e a s  s n d  
t h e  Z A R I  a n d .  on t h e  o t h e r  h a n d ,  e v a l u a t e s  t h e  s v a i l a b l e  r e s o u r c e  
a t  t h e  l e v e l  o f  t h e  u n i t a r y  w a t e r s h e d s .  
The water r e q u i r e m e n t s  are c a l c u l a t e d  a f t e r  a v e r y  c o m p l e t e  
c l i m a t o l o g i c a l  a n a l y s i s .  I t  h a s  b e e n  c a r r i e d  o u t  u s i n g  t h e  
r e g i o n a l  v e c t o r  m e t h o d .  The  i n v e n t o r y  d a t a s ,  c o m p l e t e d  by  f i e l d  
m e a s u r e m e n t s ,  p r o v i d e  t h e  s y s t e m ' s  c h a r a c t e r i s t i c s .  . -  
The water  r e s o u r c e s  a re  e v a l u a t e d  u s i n g  a hydro-  
p l u v i o m e t r i c a l  m o d e l  a t  a m o n t h l y  time s t e p .  The i r ì takes  s i t u a t e d  
on t h e  h y d r o g r a p h i c a l  n e t w o r k  p r o v i d e  r e l a t i o n  be tween  t h e  s u p p l y  
u n i t  ( u n i t a r y  w a t e r s h e d )  and  t h e  w a t e r  r e q u i r e m e n t s  u n i t  ( Z A R I ) .  
F i n a l l y ,  a d e t a i l e d  s t u d y  o f  t h e  f a r m i n g  s t a t i s t i c  
(OCASEZIE) a t t e m p t s  t a  d e t e r m i n e  t h e  r e a l i s t i c  marg in  o f  
p r o d u c t i v i t y  e v o l u t i o n  i n  an  i r r i g a t e d  a rea  o r  Z A R I  b y  c o m p a r i n g  
t h e  w e l l - s u p p l i e d  areas w i t h  t h e  o n e s  w h e r e  t h e  w a t e r  s h o r t a g e  
becomes  a r e s t r i c t i v e  f a c t o r .  
d -  E l a b o r a t i o n  of  d i a g n o s i s .  
Each operation has t o  c o n t r i b u t e  t o  t h e  f o r m u l a t i o n  o f  t h e  
d i a g n o s i s .  The r e s u l t s  a r e  g a t h e r e d  i n  s e v e r a l  c o m p u t e r i z e d  d a t a  
b a n k s .  - 
I t  i s  n e c e s s a r y  t o  c o n n e c t  them t o  o b t a i n  a d e t a i l e d  
panorama  o f  p r i v a t e  i r r i g a t i o n  p e r f o r m a n c e s  at '  t h e  l e v e l  o f  a a c h  
¿ ? A R I ,  of! i ts  weaknesses  and  p o t e n t i a l  i m p r o v e m e n t s  . 
T h a t  is t h e  a i m  o f  t h e  l a s t  o p e r a t i o n  ( E I D R I E  1. 
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F a c e d  w i t h  an unknoun and complex r e a l i t y ,  t h e  INERHI-ORSTOH 
p r o j e c t  h a s  e l a b o r a t e d  a r e s e a r c h  methodology t o  s u p p o r t  f u t u r e  
d e c i s i o n s  on i r r i g a t i o n  d e v e l o p m e n t .  
I n  t h e  l a s t  tuo years a g r e e t  number  of  p a r t i a l  r e s u l t s  h a v e  
been  o b t a i n e d  i n  e a c h  o p e r a t i o n .  It is n o t  p o s s i b l e  t o  p r e s e n t  
a l l  o f  them i n  t h i s  p a p e r .  
B u t ,  i n  c o n t r a s t ,  t h e  total r e s u l t s  o b t a i n e d  a t  t h e  l e v e l  of  
some o f  t h e  Z A R 1  o f  t h e  H I R A  u s t e r s h e d  h a v e  p e r m i t t e d  t o  f u r n i s h  
v a r i o u s  r e c o m m e n d a t i o n s ,  which a r e  p r e s e n t e d  i n  t h e  p a p e r  - 
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Abstracf 
The m u l t i d i s c i p l i n a r y  team of  t h e  f r a n c o - e c u s d o r a n  ORSTOM- 
INEHHI p r o j e c t  p r e s e n t s  a s y n t h e s i s  o f  v a r i o u s  d y s f u n c t i o n s  which 
were  i d e n t i f i e d  d u r i n g  t h e  s u r v e y s  on t r a d i t i o n a l  Andann 
i r r i g s t i o n  a r e a s  i n  n o r t h e r n  E c u a d o r .  
The f e a t u r e s  o f  t h e  d i a g n o s i s  are f o r m u l a t e d  at d i f f e r e n t  
l e v e l s :  r e l a t i o n s  be tween  w a t e r s h e d s  and Z A R I  (Zone  of  A n a l y s i s  
and Recommenda t ions  f o r  I r r i g a t i o n ) ;  b e t w e e n  Z A R I  and i r r i g a t e d  
a r e a s ;  b e t w e e n  i r r i g a t e d  a r e a s  ana f a r m i n g  s i s t e m s ;  be tween  
f a r m i n g  s i s t e m s  and c rop  p l o t s .  
I t  s h o u s  t h a t  t h e  w a t e r  s h o r t a g e  m a y  be  t h e  r e s u l t  o f  m a n y  
combined  d y s f u n c t i o n s  t h a t  h a v e  a n e g a t i v e  i m p a c t  on f a r m e r s '  
d e c i s i o n s :  t h e y  p r e f e r  e x t e n s i v e  f o r m s  of  a g r i c u l t u r e  a n d  
t h e r e f o r e  o b t a i n  low l a n d  p r o d u c t i v i t y .  
The a u t h o r s  p r o p o s e  as s p r e ì i m i n a r y  t a s k ,  i n  o r d e r  t o  
p r e p a r e  t h e  N a t i o n a l  I r r i g a t i o n  P l a n ,  p r o s p e c t s  t o  s t r u c t u r e  and 
o r g a n i z e  t h e  t r a d i t i o n a l  n e t w o r k s .  
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The f i r s t  r e p o r t ,  " T r a d i t i o n a l  I r r i g a t i o n  i n  the. Anclas of 
E c u a d o r ,  ( 1 )  R e s e a r c h  a n d  P l a n n i n g " ,  showed how an i n t e r n a t i o n a l  
and  m u l t i d i s c i p l i n a r y  team had b u i l t  3 r e s e a r c h  methodology to 
p r e p a r e  a T r a d i t i o n a l  I . r r i g a t i o n  Deve lopmen t  P l a n .  We emphas ized  
hou much t h i s  i r r i g a t i o n  d i d  n o t  f o l l o w  t h e  u s u a l  s t a n d a r d s .  The 
o r i g i n a l i t y  of t h e s e  s y s t e m s ,  & s p e c i a l l y  l i n k e d  t o  t h e  
m o u n t a i n o u s  t o p o g r a p h y  a n d  h i s t o r y .  j u s t i f i e s  the research work 
on wha t  does  n o t  f u n c t i o n  well a l o n g  t h e  water m a b i l i z s t i o n  a n d  
u t i l i z a t i o n  c h a i n  a t  d i f f e r e n t  l e v e l s  o f  t h e  % A R I  ( Zone o f  
A n a l y s i s  a n d  Recommendat ions  f o r  I r r i g a t i o n  ). 
I 
From d e t a i l e d  s t u d i e s  o f  f o u r  Z A R T  t h a t  were s e l e c t e d  as 
m o s t  r e p r e s e n t a t i v e ,  URCUQU'I, PIFO, SANTA R O S A ,  and GUAMOTE, t h e  
major f e a t u r e s  o f  t h e  d i a g n o s i s  on  t h e  d y s f u n c t i o n s  o f  i r r i g a t i o n  
i n  t h e  n o r t h e r n  E c u a d o r a n  Andes were f o r m u l a t e d  and  t h e  f i r s t  
c h a n n e l s  of  improvement  of t h e  p r i v a t e  n e t w o r k s  s t a r t e d  t o  be 
d e f i n e d  ( s e c  F i g .  L. O r a s n i n a t i o n - T y p e  o f  a Z A R 1  and  L o c a t i o n  o f  
:he D i f f e r z n c  F rob le i a s  !. + 
U R C I I Q U I ,  i n t r o d u c e d  i n  t h e  f i r s t  report, is a X A R I  o f  t h e  
d r y  M I R A  u a t a r s h c d  i n  . t h e  n o r t h z r n  Andes ;  i t  is made up o f  
a p p r o x i m a t e l y  5,UUO h e c t a r e s  i r r i g a t e d  by 17 t r a d i k i . > : \ d l  sysLens. 
FIFO is l o c a t e d  c l o s e  t u  t!le capi ta l .  QUITO.  T h e y + F a r + ,  t;:i.s ' A R I .  
w i t h  i Ca 2,S(dO hec ta re s  irrigated b y  12 t r a d i t i o n s ;  syskeas, 
* v o l v - s  a n i e r  t.he t n f l c a n c e  uf the u r b a n  o u t s k i r t : ; .  S A R T A  
SISSA 211.2  (i!IAH"JTE be I n n r !  '.!> t h e  FASYAZA w a t + t : ? h e i f .  l C x ? s t a d  i n  t!ie 
m i r i . !  It.. VIF *.f:+ t:,-,~i:iL:y. '?hpz? .TAFT rep-%sant  tiltff!!y oppos;ec! 
ki J t. u n t, i. L" n :i 
k h i .  t i T s t ,  S A N T A  ROSA.  is exempla ry  owing  t o  t h e  h i g h  degree 
of  a r t i f i c i a l n e s s  o f  t h e  Andean e n v i r o n m e n t  ( very h i g h  
p o p u l a t i o n  d e n s i t y  - 300 i n h a b i t a n t s  p e r  square k i l o m e t e r .  
8 , 0 0 0  h e c t a r e s  i r r i g a t e d  b y  lerge t r a d i t i o n a l  systems f rom 
351 t o  50 k i l o m e t e r s  l o n g ,  i r r i g a t e d  c o n t i n u o u s  c r o p  systems 
i n  Farming u n i t s  of l e s s  t h a n  one h e c t a r e  1; 
t h e  s e c o n d .  GUAMOTE, is a c r i s i s  a r e a ,  abandoned by its 
i n h a b i t a n t s ,  a n d  o n l y  t h e  s e c t o r s  t h a t  h a v e  i r r i g a t i o n  
n e t w o r k s  ( of l i m i t d d  s c o p e  1 r e m a i n  p o p u l a t e d ,  e v e n  t h o u g h  
t h e y  a re  d e b p l y  a f f e c t e d  b y  s e a s o n a I  m i g r a t i o n s .  
. -  
1. SUPPLY DYSFUNCTlONS AT THE WATERSHED LEVEL. 
1.1 Very poor low-water Plows, o w i n g  to severe drought even i n  
t h e  h i g h - m o u n t a i n  areas. 
. . .  
-. Areas- t h a t  a r e  p u t e n t i a l l y  i r r i g a b l e  d o  n o t  llave a n y  
Pathil i t ies.  rn t h e  r i v e r  w a t e r s h e d ,  o n l y  a dam Would allow t o  
i n c r e a s e  t h e  s u p p l y  d u r i n g  t h e  d r y  season. I n  c e r t a i n  cases,  a 
t r ' k n s f e r  from a n e i g h b o r i n g  u a t a r s h e d  t h a t  has a s u p p l y  which  
e x c e e d s  t h e  demand c o u l d  s o l v e  t h e  water s h o r t a g e  p r o b l e m .  T h e s e  
C E L S ~ E  a r e  r a c e .  They i m p l y  p r i o r  l e g a l  anu p o l i t i c a l  a g r e e m e n t s  
and somattmas h i g h  i n v e s t m e n t s  i f  t h o  t r a n s f e r  r e q u i r e s  s p e c i a l  
work ( t u n n a l s ) .  T h i s  p r o b l e m  goes b e y o n d  t h e  l i m r t d  E i a l d  of 
rahnb i l  i t a t  iari. 
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1 . 2  Large b u t  i n a c c e s s i b l e  f l o w s  because  t h e  g ~ r g e s  arQ too  
narrow; t h o  ¿leoinorpholoS;y is unfavorab le .  etc. 
As b e f o r e .  t h e  a r e s s  s u f f e r  f rom a s h o r t a g e  of  w a t e r .  bur. 
t h i s  time che Farmers s e e  t h e  water pass ac a few t a n s  a: 
h u n d r e d s "  of meters  b e n e a t h  t h e i r  l a n d .  I n  c e r t a i n  c a s e s .  ti dani 
t o  r a i s e  t h e  w a t c r  lavei c o u l d  f a c i l i t s t e  t h e  i n s t a l l a t i o n  o f  
F a c i l i t i e s  o r  t h e  enlargement o f  t h o s e  t h a t  a l r e a d y  e x i s t .  
1 . 3  Highly v a r i a b l e  h y d r o l o g i c a l  rhythms with sudden and 
d e s t r u c t i v e  overflows. 
The water  i n t a k e s  a r e  r e g u l a r l y  f l o u d e d .  Th.e i r r i g a t e d  s r e s  
yre p e r i o d i c a l l y  d e p r i v e d  o f  watep: I €  . t h e  damage is 
c o n s i d e r a b l e ,  t h e  farmers r u n  t h e  r i s k  o f  l a s i n g  part O C  t h e i r  
c r o p s .  
T h i s  type o f  a c c i d e n t  ( w e  w i l l  s e e  l s t e r  on t h a t  t h e r e  R r e  
many more beL*.omes e v e n  mure  dramat ic  i f  t h e  s o c i a l  o r g a n i z a t i o n  
t h a t  manages  t h e  s y s t e m  is d i s o r g a n i z e d .  
A modern i n t a k e  c o n s t r u c t i o n  p rogram c o u l d  m a k e  t h e  
i r r i g a t i o n  sys t ems  i n  t h e  a g g r e s s i v e  w a t a r s h e d  l e s s  v u l n e r a b l e .  
1 .4  Drying UP of t h e  r i v e r  downstrean from a series o€ o u t l e t s .  
The  sreas t h a t  a r e  i r r i g a t e d  f r o m  d o w n s t r e a n  i n t a k e s  
s y s t e m a t i c a l i y  r u n  t h e  r i s k  of b e i n g  s h o r t  of u a t e z .  T h i s  
s i t u a t i o n  i s  o f t e n  c h e  r e s u l t  of a lack of  c o o r d i n a t i o n  t o  rnanape 
t h e  water reSQUrce. I t  may b e  accompan ied  b y  d o u n s t r e s m l u p s t r e a m  
c o n f l i c t s  t h a t  cari go a s  f a r  as  an " i n t a k e s  v a r " ,  t h a t  is, t h e  
a l t e r a t i o n  and s o m e t i m e s -  even t h e  d e s t r u c t i o n  o f  t h e  f a c i l i t i e s .  
S o l u t i o n s  t o  t h i s  p rob lem a r e  n o t  easy, b e c a u s e  e a c h  o f  t h e  
groups i n v o l v e d  claims . i n h e r i t e á  water rights. 
I n  t h i s  t y p e  of' c a s e ,  j-t is b e t t e r  t o  no l o n g e r  grant a n y  
a d d i t i o n a l  c o n c e s s i o n  a n d  t o  o r g a n i z e  a j o i n t  e f f o r t  among t h e  
i r r i g a t i n g  o r g a n i z a t i o n s .  
The i n s t a l l a t i o n  o f  t h e  i n t a k e s  and  t h e  d i s c h a r g e  r e g u l a t o r s  
p l a n n e d  i n  t h e  c o n c e s s i o n  d o c u m e n t s  s h o u l d  indeed be c a r r i e d  o u t  
w i t h  f i n a n c i a l  a n d  t e c h n i c a l  s u p p o r t .  
2. DEMAND PROBLEHS AT THE LNFRASTRUCTURAL LEVEL IN THE ZARI .  
2 . 1  Poor average c o n t i n u o u s  fictive discharge, o w i n g  t o  l a c k  of 
available water r e s o u r c e s  i n  t h e  w a t e r s h e d s  that Peed the  
rlutuork. 
T h i s  - case. is a t r a n s l a t i o n  o f  t h e  tuo first k i n d s  a €  
p r o b l e m s  a l r e a d y  d e s c r i b e d  c o n c e r n i n g  t h e  w a t e r s h e d s .  
When t h e  w a t e r s h e d s  d o  n o t  f u n c t i o n  i n  t h e  s a m e  way, i t  may 
56 u s a P u 1  t o  r e s t r u c t u r e  the n e t w o r k s  c o m b i n i n g  t h e  supplias o f '  
t h e  two w a t e r s h e d s  t o w a r d s  t h e  c r e s t  o f  t h e  i n t e r p l o w ,  
Thus a g r e n t e r  r e g u l a r i t y  and s e c u r i t y  of t h e  d i s t r i b u t s 1 . l  
flows would be o b t i t i n e d .  
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2.2 Con:ì ideruhlc  d i s p a r j t y  i n  t h e  d i s t r i b u t i o n  ci' t.ho s u p p l y ,  
e v e n  t r i k i n g  i n t o  a c c o u n t  t h e  normal  v a r j a b i l  i t i e s  owing tn t h e  
a l  t i  t u d e .  
C e r t n i n  ì r r i g a t e d  a r e a s  a r e  s u p p l ~ e d  by a . C G : ~ - : r t u f . ~ ~ s  fjctivc 
d i s c h s r e e  asF 2 l i t e r s  p e t  s e c o n d  p a r  h e c t ~ r e  where%r :  ~ t h e r z  . have 
o n l y  0 . 1  CI:. 0 . 2  l i t e r  p e r  s e c o n d  per h 5 c t a r e .  
I n  t l 1 2  l a n d s c a p e  t h i s  g i v e z  a m o s a i c  of  h igf . Iy  i i P t e r o g e n e o u s  
a r e a s  w i t h  respect t o  c r u g - r a i s i n E  d u r i n g  t h e  d r y  zpFi:.r,r,. 
I n  t h e  case where  t h e  w a t e r  r e s o u r c e  is liffiitr2 c o c p a r e d  t o  
t h e  r e q u i r e m e n t s ,  i t  is p o s s i b l e  t o  revise t h e  COLCe3zlons o r ,  by 
i n s t a l l i n g  modern i n t a k e s ,  t o  a v o i d  e x c e s s i v e  5Z;oundnents of  
w a t e r  w h i c h  would  b e  d e t r i m e n t a l  t o  t h e  o t h e r  s Y = t c n s  l o c a t e d  
d o w n s t r e a m .  
t h e  d e f i c i e n t  s y s t e m s  c o u l d  be c o n s i , d e r e d .  h p o c r  =-;,>:y may be 
due t o  t h e  d e t e r i o r a t i o n  of  t h e  c a n a l  o u i n g  :, a l a c k  of  
r o r  i n s t s n c e ,  the a b s e n c e  o f  m s i n t e n a n c e  t o  : - = * a ~  L h e  s a n d  
' ron c e r t a i n  p a r t s  m a y ,  o v e r  t i m e ,  c o n s i ~ e r a b r Y  z;ri:::ize t h e  
c h a n n e l  d i s c h s r R e  capacity and  r e d u c e  e v e n  rriore t-?r ; c a t e r  s u p p l y  
of  s u c h  o r  s u c h  a s y s t e m .  
2 . 3  Too h i g h  cana l  d e n s i t y ,  u h i c h  makes  I t  very d j f f i c u l t  t o  
n a i n t a i n  a l l  t h e  sys tems  and p r o v i d e s  l i n e a r  or p a i c t u a l  l o s s e s ,  
u h e t h e r  of n a t u r a l  o r  s o c i a l  origins ( t h e f t ,  conflicts ) .  
When t h e  w a t e r  r e s o u r c e  is no: l i m i t e d ,  a n  e : . i a r g ~ m e n t  o f '  
m a i n t s n a n c e .  - " 
@Ine s v l u t i c n  u o u l d  c o n s i s t  o f  s S o p ; i f y - r <  -:r n e t u o r k  
e s p e c i a l l y  when t h e  e a n s l s  ruR a l o n g  p a r a l l e !  1 ln t - c  
g o r e o v e r ,  in t h i s  t y p e  of  s i t u a t i o n .  c h a i n  "=::=ir,ts o c c u r  
when t h e  upper  c a n a l  b r e a k s  f o l l o w i n g  a n  o v e r f l o u  t: s z u d s l i d e .  
The  w e a k e s t  a r e a s  s h o u l d  b e  r e i n f o r c e d  by m a n s  cf s ;eziol l  works  
znd  p r o t e c t e d  f rom s t r e a m i n g  i f  t h e  l a t t e r  pro:-:%: c s n g e r o u s  
o v e r f l o w s .  
F r o t e e t i o n  a g a i n s t  e r o s i o n  and s o i l  E ì C C U m c l E : ; = c  i n  t h e  
c a n s 1  c a n  be improved  by p l a n t i n g  t h i c k  h e d g e s  a k t - : ~  thz c s n a l  
s e g m e n t s  i n  question. 
F i n a l l y ,  we have  observed t h a t  c e r t a i n  s e c z c r r  ~ ï e  v e r y  
d i f f i c u l t  t o  resch. T h e i r  m a i n t e n a n c e  would be  fc:i:i:sted if 
Eccesswsys  and n x i n i e n a n c e  r o a d s  were b u i l t .  
3. DYSFUMCTIONS IN THE DISTRIBUTION IN THE ZAR1 
3.1 Absence of a r o t a t i o n a l  w o r k i n g ,  a s  R c o n s e q u e n c e  O Ï  w h i c h  
there is an u n e q u a l  d i s t r i b u t i o n  snon& t h e  cgntresm and 
downstream u s e r s  o n  t h e  d i s t r i b u t o r s .  
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l - t h e  u s e r s  have  j u s t  a c q u i r e d  a c o n c e s s i o n  over  t h e  c a n a i .  f o r  example,.uhen h a c i e n d a s  sre d i v i d e d  i n t o  l o t s  and s o l d ,  and  t h e y  d o  n o t  know how o r  are u n a b l e  t o  Se t  o r g a n i z e d  to 
s e t  up a r o t s c i o n a l  s y s t e m .  
- t h e  u se r s  were organized to s e t  up a r o t a t i o n a l  t u r n  
d i s t r i b u t i o n .  b u t  b e c a u s e  a g r i c u l t u r e  is no  l o n g e r  a p r i m e  
- t h e  users  are o r g a n i z e d  b u t  t h e i r  number is so l a r g e - - a n d  
t h e i r  c o n f l i c t s  s o  i n t e n s e - - t h a t  t h e  r o t a t i o n a l  sistem d o e s  
n o t  o p e r a t e  w e l l :  t h e  p l a n n e d  s c h e d u l e s  are n a t  a d h e r e d  t o ,  
t h e  a c c u m u l a t i o n  o f  d e l a y s  l e a d s  t o  i r r i g a t i o n  c u t s .  
a c t i v i t y ,  t h e  r u l e s  h a v e  b e e n  more o r  l e s s  i g n o r e d .  
. f  
. .  
3.2 Very long  t r a n s p o r t  t i m e  i n  t h e  d i s t r i b u t o r s  which s o m e t i m e s  
c o n s i s t  of a v e r i t a b l e  maze of i n t e r n e s h e d  w a t e r c o u r s e s .  i -  ; 
The d i s t r i b u t i o n  s y s t e m s  can  be  e x p l a i n e d  b y  t h e  h i s t o r y  of 
t r a n s f e r s  of water r i g h t s  and t h e  s a l e s  of u s e r  time €or  the 
v a r i o u s  d i s t r i b u t o r s .  
I t s  e f f i c i e n c y  is poor  i n s o f a r  a s  t h e  water d o e s  n o t  s l u a y s  
r u n  f rom one p l o t  o f  l a n d  t o  t h e  n e x t  b u t  r a t h e r  f c l l o y s  t h e  
o r d e r  e s t a b l i s h e d  by water r i g h t s .  
A r e o r g a n i z a t i o n  o f  t h e  r o t a t i o n a l  w o r k i n g  would ' b e  
d e s i r a b l e ,  a l t h o u g h  t h i s  is g e n e r a l l y  h a r d  t o  a c c e p t  f o r  t h e  
u s e r s  who a r e  a c c u s t o m e d  t o  c e r t a i n  i r r i g a t i o n  s c h e d u l e s ,  
e s p e c i a l l y  when t h i s  r e q u i r e s  t h a t  t h e  i r r i g s t i o n  t ake  p l a c e  
d u r i n g  n i g h t  hours. 
The d i s t r i b u t i o n  c o u l d  b e  m o d e r n i z e d  by  i n s c a l l i n g  a 
p e r m a n e n t  module  f o r  e a c h  s e c t o r  w h i c h  would b e  managed by t h e  
r e s p e c t i v e  g r o u p  of farmers .  
To e n s u r e  a minimum o f  f a i r n e s s  i n  t h e  d i s t r i h u t i o n  from a 
g i v e n  modu le ,  i t  would seem t h a t  t h e  s a f e s t  method o f  
d i s t r i b u t i o n  would  b e  t h e  o n e  t h a t  d e l i v e r s  t h e  module f i r s t  t o  
t h e  - l a s t  user  of  t h e  d i s t r i b u t o r  and  t h e n  t h e  o u t l e t s  would b e  
open  f rom p l o t  t o  p l o t  u n t i l  i t  r e a c h e s  t h e  f i r s t  user  ( t h i s  
a l r e a d y  e x i s t s  i n  c e r t a i n  s y s t e m s  1.  
Somet imes  t h e  d i s t r i b u t i o n  w o r k s  on an  a l t e r n a t i n g  b a s i s ,  so 
t h a t  t h e  l a s t  u s e r  o f  t h e  water s c h e d u l e  would become t h e  f i r s t  
f o r  t h e  following i r r i g a t i o n  and vice-versa .  
3.3 C o n s i d e r a b l e  i r r e g u l a r i t y  of t h e  m o d u l e s  del ivered from one 
i r r i g a t i o n  t o  a n o t h e r .  o w i n g  a t  t h e  same t i m e  t o  t h e  above -  
m e n t i o n e d  d y s f u n c t i o n s  i n  t h e  w a t e r s h e d s  and t h e  f a c i l i t i e s ,  b u t  
also owing  t o  t h e  f a c t  t h a t  t h e  g e n e r a l l y  r u s t i c  d i v i d i n g  
j u n c t i o n a  do n o t  a l w a y s  d i s t r i b u t e  t h e  d i s c h a r g e  t h a t  come t o  
them i n  t h e  same way. 
I n  r e a l i t y ,  t h e  p r o b l e m  i s  n o t  s o  much t h e  d i s t r i b u t i o n  o f  
water among u s e r s  b u t  r a t h e r  t h e  d i s t r i b u t i o n ,  when ' i t  d o e s  
exist, of  t h e  water s h o r t a g e  i n  t h e  f a i r e s t  way p o s s i b l e  t o  t h e  
u s e r s .  
P r o v i d i n g  t h e  n e t w o r k s  t h a t  s u f f e r  f rom a c o n s i d e r a b l e  Plow 
d i n p a r i t y  w i t h  p r o p o r t i o n a l  o u t l e t s  seems q u i t e  s t r r a c t i v e .  i 
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3 . 4  Cnri : :~durnbIc  lo!rrses duriric  the n i g h t .  when Lhe f a r m e r s  do  riot  
ilse n i g h t  irrigntjon or  put. li. i n t o  p r a c t i c e  c ~ ~ r o l e s s l y  and utleri 
t h e r e  ar-(: no t a n k s .  
i 
N i g h t  i r r i g a t i o n  ori ~ t e ~ p  s l o p e s  is a lways  d i f f i c u l t  t o  
manage .  D u r i n g  t h e  n i g h t  w a t e r  t h e f t  i s  most: f r e q u e n t ,  a n d  i t  is 
a t  t h i s  t i m e  t h a t  i t  is mos t  d i f f i c u l t  t o  r e e s t a b l i s h  t h e  n o r m a l  
d i s c h a r c e .  
The  i n s t a l l a t i o n  of a t a n k  w i t h  3 c a p a c i t y  t h a t  c o r r t * s p o n d :  
t o  t h e  n i r j h t  s t o c k  would b e  an i n v a l u a b l e  a i d  f o r  manag ing  t h e  
t . r a d i t i o n 9 1  s y s t e m s .  Such  p r o g r a m s  a l r e a d y  e x i s t  , b u t  w i t h o u t  a 
s y s t e m a t i c  m o d e r n i z a t i o n  of  2 q u i p m e n t  i n  a n  e n t i r e  Z A R 1  ~ 
I n  t h e  a b s e n c e  o f  6 t a n k ,  t h e r e  a r e  s e v e r a l  s o l u t i o n s  
a v a i l a b l e  LO d i s r r i b u t e  t h e  n i g h t  h o u r s  t o  a17 t h e  u s e r s .  
The  n i g h t .  h o u r s  c a n  be a s s i g n e d  ori an a l t e r n a t i n g  b a s i s  e a c h  
y e a r .  T h i s  s o l u t i o n ,  wh ich  seems  e q u i t a b l e ,  h a r d l y  m o d i f i e s  t h e  
n i g h t  losses; i t  o n l y  o b l i g e s  e v e r y o n e  t o  s h a r e  t h e  u n f a v o r a b l e  
c o n d i t i o i ! ~  e v e r y  o t h e r  y e a r .  
The f r e q l l e n c y  o f  t h e  w a t e r  s h i f t  carï 3150 be modiîied. 
Z d o p t î n G  s p e i - i d  nn,sed on an i n c o m p l e t e  number  o f  d a y s .  F o r  
e x a m p l e ,  i n s t e a d  o f  s e v e n  J a y s ,  t h e  p e r i o d  c o u l d  b e  six d s y s  and 
a h s l f ,  v i t h  o n e  d a y  o f  s e r v i c e  i n t e r r u p t i o n  a f t e r  two p e r i o d s  o? 
t u o  d a y s  e v c r y  iol ; r  p e r i o d s  f o r  c a r r y i n g  o u t  n e t w o r k  m a i n t e n a n c e .  
T h u s ,  e s c h  f s r m e r  i r r i g s t e s  on a n  a l t e r n a t i n g  b a s i s  d u r i n g  t h e  
d3y a n a  :it night  d u r i n g  t h e  who le  y e s r .  
T h i s  s r r a n g e n e n t  c a n  be  r e f i n e d  e v e n  f u r t h e r  by  u s i n g  9 
p e r i o d  of six d a y s  and t h r e e  f o u r t h s ,  w h i c h  w o u l d  lead t h e  u s e r s  
t o  s e t  b a c k  t h e i r  i r r i g a t i o n  s c h e d u l e  s i x  h o u r s  f r o m  o n e  s h i f t  t o  
s n n t h e r  and  t o  l i n i t  t h e  s e r v i c e  i n t e r r u p t i o n  f o r  m a i n t e n a n c e  
p u r p c s e s  t o  o n l y  c n e  d a y  e v e r y  f o u r  w e e k s .  
Such c h a n g e s  a r e  h a r d  t o  e f f e c t  f o r  t h e y  u p s e t  h a b i t s  and  
i n t e r e s t s  t h a t  h a v e  been  well e s t a b l i s h e d  o v e ï  a l o n g  t i m e .  But 
i f  t h e s e  c h a n g e s  a r e  t h o r o u g h l y  e x p l a i n e d  and  i f  t h e y  a r e  a b l e  t o  
c o n v i n c e  t h e  u s e r s  a s  E w h o l e ,  i t  is p o s s i b l e  t o  c o n s i d e r a b l y  
i n p r o v e  i r r i g a t i o n  c o n d i t i o n s  b o t h  f a i r l y  and  s a f e l y .  
3.5 Frequcriry of  i r r i g a t i o n  that is poorly s u i t e d  or. 
inappropr ia te  f o r  i n t e n s i f y i n g   agricultural^ p r o d u c t i o n  s y s t e m s .  
T h e r e  art' x r e a s  where  t h e  r o t a t i o n a l  t u r n  t a k e s  p l a c e  a v e ï  5 
F p r i o d  o f  15 ,  I t ì ,  17,  o r  e v e n  21 d a y s ,  w h i c h  v i r t u a l l y  p r o h i b i t s  
t h e  f a r m e r s  f r n m  c h o o s i n g  craps t h a t  demand a g r e a t  d e a l  of  
Kater. durin!: d r y  spssons when r e q u i r e m e n t s  are very h i g h .  
I :  m u s t  bp emphas ized  t h a t  t h e  u s a b l e  s o i l  r e s e r v r s  a r e  
~ - f t ~ n  pok7r; t h r  Andran s o i l s  c o i i t a i n  a h i g h  p r n p n r t i o n  o f  s n n d .  
t - s t i r t i  811 r a s t  :*n t  t!13r r e r t s i n  i r r i i ? a t p d  soils 31-e daeined 
i: : i  :su i f .ZI t j  1 t> On e 
I ~ r t - q ! \ t ~ i i t  .ly f i n d s  nssily ussh!t. r e s e ï v i . s  on t h e  n r d e r  t>f 30 m n i ,  
- . a i t - l ?  r c q a , ~  rt-:: ni1 J r r i f i s t i o n  fr 'pqucni 'y  c f    ho ut '7 ci:xys snd not 14 
, t 1 I .. ::i L-!?l?.S. 
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It. is n o t .  an easy- t a s k -  t o  i ~ ~ s f f e  t h i s  prahleer  P o r  i t-  is . 
g e n e r s l l y  l i n k e d  t o  a c o n s i d e r a b l e  d i s e q u i l i b r i u m  b e t w e e n  s u p p l y  
and itamand. 
So t h a t  e a c h  u s e r  c 3 n  e n j o y  t h e  p r i v i l e g e  of a d e c e n t  dosage 
O P  i r r i g a t i o n ,  t a k i n g  i n c o  a c c o u n t  t h e  time consumeà i n  
t r a n s f e r s ,  t h e  r o t a t i o n a l  t u r n  s h o u l d  have  t a  b e  p r o l o n g e d ,  b u t  
t h e  Longer i t  is t ; he . . l i ? s s  u s e L u 1  is t h e  i r r i g a t i o n .  
M o r e o v e r ,  t h e  r i s k  o f  h a v i n g  t h e  i r r i g a t i o n  w i t h h e l d  is 
u n d e s i r s b l e ,  as i t  u o u l d  mean t h a t  t h e  c r o p  u n d e r  c u l t i v a t i o n  
would have  t o  w a i t  o n e  month o r  more v i t h a u t  a n y  a r t i f i c i a l  
s u p p l y .  The p e a s a n t ' s  can o n l y  t h e n  r e l y  on a r e d e e m i n g  s t o r m .  
wh ich  is p a r a d o x i c a l  uhen o n e  knows t h a t  an  i r r i g a t i o n  
i n f r a s t r u c t u r e  d o e s  e x i s t .  i i 
i 
4. APPLICATION DYSFUNCTIONS AT THE SHALL PLOT LEVEL i 
i S h o r t e n i n g  t h e  f r e q u e n c y  would i m p l y  s i g n i f  i c n n t l y  i n c r e a s i n g  t h e  s u p p l y .  
4.1 Unsu i t a b  L e  modu le .  
- A module t h a t  is s o m e t i m e s  t o 0  w e a k  ( l o w e r  t h a n  5 l i t e r s  
p e r  s e c o n d  ) ,  w h i c h  i m p l i e s ,  on t h e  one  hand .  v e r y  l o n g  
i r r i g a t i o n  t i m e s  by  h e c t a r e  ( U P  t o  24 h o u r s  o r  more a n d ,  
Q n  t h e  o t h e r  h a n d ,  a p p l i c a t i o n  d i f f i c u l t i e s  w i t h  respect  t o  
t h e  a r r a n g e m e n t  o f  t h e  f u r r o w s :  t h e  f o r m e r  s e c t o r s  e n d  up by  
b e i n g  a v e r - i r r i g a t e d  w h e r e a s  c h e  l a t t e r  a r e  u n a e r - i r r i g a t e d .  
- A madu!e t h a t  is s o m s t i m e s  t o o  s t r o n g  ( more t h a n  20 l i t e r s  
p e r  s e c o n d  > ,  u h i c h  p r o d u c e s  e r o s i c n  b e c a u s e  t h e r e  is no way 
t o  c o n t r o l  t h e  vo lume  of water t h a t  k e e p s  coming inco t h e  
p l o t  O P  l a n d .  O n l y  by c r e a t i n g  b u f f e r  t a n k s  u o u l d  i t  be 
p o s s i b l e  f o r  t h e  irrigators t o  s e l e c t  a module t h a t  is 
s u i t a b l e  f o r  t h e i r  s o i l ,  work,  and COtEt iOna l  system 
l i m i t a t i o n s .  
4.2 A poorly .perforaing irrigation arrangement. 
I n  c e r t a i n  c a s e s ,  t h e  i r r i g a t o r  merely " t h r o w s "  water o v e r  
t h e  u p p e r  p a r t  o f  t h e  p l o t  w i t h o u t  ever  d i r e c t i n g  i t .  
T h e  water f o l l o w s . t h e  m i c r o - t h a l w e g s  s n d  e n d s  up g e n e r a l l y  
by g o i n g  o u t  OP t h e  p l o t  u n t i l  t h e  i r r i g a t o r  r e t u r n s .  
- l n  o t h e r  c a s e s , .  t h e  i r r i g a t o r  d o e s  n o t  o p t i m i z e  the 
d i s t r i b u t i o n  í ) P  water :  i n  a c c o r d a n c e  w i t h  t h e  module h e  n a s  
a t  h i s  d i s p o s a l  a n d  h i s  s o i l  c h a r a c t e r i s t i c s ,  he can t ake  
a d v a n t a g e .  o f  t h e  length o f  t h e  f u r r o w s  and work t i m e  t o  
c o r r e c t l y  d i s t r i b u t e  t h e  amount  o f  water t h a t  r e a c h e s  t h e  
t o t s 1 i t . y  of t h e  p l o t .  
I L  IS o b v i o u s  k h a t  the u s e r s  d o  g e n e r a l l y  lack a p p r o p r i a t e  
t-achn L o a 1  a d v i c e  anri tiia n s c e s s n r ~ l  t e c h n i c a l  knqw-hou t o  improve  

















' l 'o r - x p l a i r i  t,he wat.c?r s h o r t a g c  t h n t  t h e  i r r j R o t o r r  c r ~ n ~ p l a i n  
n h o u t ,  t h t - r e  3 s  alsc. t h e  F a c t  t h a t  t h e y  811 w a s t e  wtlirr ir1 t h e i r  
f i e l d s  
T l i r  p r o m r : t > u n  of  small e x p e r i m e n t a l  s t a t i u n a  m a n n p r r )  fay !-hr 
:rr~paror assoc;stions xith t h e  t t - c h n i . c a l  support wrjbjld n! I f i w  Ïor 
a t l p t t t r  r a t i o r , s l  1za t io t - i  of t i re  a p p l î c a t . i a r i s .  
6.  U1 FPICULTIES EXPERIENCED ßY THE I R R I G A T I N G  O R G A N J Z A T I O N S  IN 





\ l n  ttrr - : h i \ r t  sn i l  a r d i t i n i  tc,rnr, s u c h  SII e v o l u t i u r r  k * o r i L t i  n~i!y 
CLI l n i i \ \ A t t : e  i n  an  a g r i c u i t u r s l  r e c e s s i o n ,  t h e  r i s k  o:' ?uí i : i  :nc s t i u r ?  I 
e x t e r i s l v e  p r o d u c t i o n  systenis.  
On t h e  mzdiuni 3 n d  l o n g  t e r m ,  t h e  niajor î:sk tir:: :a t h c  
d.is: ippt,- ir : t i ic~ at' c a r t a r n  sys:er;is b e c s u s r  o f  a I31.k * i f  ~ - e d u i s r  
in a L n t tb n :\ r i  c* *. 
t i l  u r d e r  til prevar iL  s u c h  an - . v o l u t : o n ,  I t  M L I u l i i  st?$; 
a p p r o p r i s t r  t~ p r o p o s e  r'r-om o u t s i d e  some g l o b a i  r e n a b i l i t s t r c n  
p r o j e c t s  o n  FI : A R I  as a w h o l e  and p rGbab ly  t o  r e i n f o r c e  t h r  raie 
p l a y e d  b y  t h e  i r r i g a t o r  s s s o c i a t i o n s  by  o r g a n i z i n g  t h e n  i n  a 
t ' e d e r s t i u n  so t h a t  t h e y  w i l l  become p, i r tner . ;  l n  th? 
re h sb i 1 i t. TI t i on p r o ;i e c t s . 
of  wri ter  l e a d i n g  t h e  i n v o l v e d  farmers t o  choose +.ven inore t 
CONCLUSION 
The f r a n c o - e c u a d o r s n  team s t a r t e d  f i r s t  by i d e n t i f y i n g  Che 
many p r o b l e m s  t h a t  s re  i n v o l v e d  i n ,  and e x p l a i n  t o  a l a r g e  
e x t e n t .  t h e  poor p e r f o r m a n c e s  of t r a d i t i o n n s l  i r r i g a t i o n  s y s t e m  
and t h e n  w i l l  c a r r y  o u t  31-1 i n - d e p t h  s u r v e y  of e a c h  probleii! 3 rea  
a n d  a t t e m p t  to p r o v i d e  d a t a  on t h e  impact  o f  t h e  ~ * ~ r i ~ > i i s  
d y s f u n c t i o n s  t h a t  h a v e  b e e n  i d e n t i f i e d .  
I n  a s e c o n d  p h a s e ,  t h e  team w i l l  set up a ne twork  
improvement  p l a n  a d a p t e d  t o  e a c h  type of  Z A R I ,  which  s h o u l d  Ei*.-e I 
maximum r f t ' i c ~ e n c y  t o  t h e  p u b l i c  financial z s s i s t ~ n c e  t h a t  Ts 
hei l ig  p r o v i d e d  f o r  m o d e r n i z i n g  t h e  Anuem i r r i g s t i c n  s y s t ~ n s .  
I 
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